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This British Standard has been prepared under the direction of the Power Electrical Engineering Standards Committee.
It is based on IEC Publication 551 : 1976 ‘Measurement of transformer and reactor sound levels’ published by the
International Electrotechnical Commission (IEC), and implements HD 399 of the European Committee for Electrotechnical

Standardization (CENELEC).

For ease of reproduction use has been made of the IEC text where appropriate; consequently some terminology and certain
conventions are not identical with those used in British Standards.
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British Standard Method of
Measurement of transformer and reactor sound Ievels_

1. Scope

This standard defines the methods by which the sound levels of transformers, reactors and their associated
cooling plant are measured in the manufacturer’s works so that compliance with any specification requirements may be
confirmed and the characteristics of the noise emitted in service determined.

This standard is intended to apply to measurements made in the manufacturer’s works as, when measurements
are made on site, condifions may be very different due to proximity of other objects, extraneous noises, etc.
Nevertheless, the same general rules as given herein may be followed when site measurements are made.

In those cases where sufficient power is available in the factory to permit full energization of reactors, the
methods to be followed are the same as for transformers. Alternatively, measurements may be made on site where
conditions are suitable.

The methods defined are applicable to transformers and reactors of all types, without limitation as regards size or
voltage when fitted with their normal auxiliary equipment, inasmuch as it may influence the measurement result.

Although the text refers only to transformers, it is equally applicable to reactors provided that it is recognized that
current taken by a reactor is dependent on the voltage applied and, consequently, that a reactor cannot be tested at
no-load.

This standard gives a basis of calculation of sound power level which permits comparison of transformers of
different types and, with certain hypothetical assumptions, the evaluation of the probable sound level at a distance.

The methods of measurement, and the environmental qualification procedure given in Appendix A, are in accordance
with BS 4196 : Part 6.

Note. — Reference may be made to BS 4196 : Part 6 for information on measurement uncertainty.

" 2. Instruments

Measurements shall be made using a sound level meter complying with BS 4197. The operating instructions given by
the manufacturer of the sound level equipment should always be followed in order that the greatest degree of precision is
achieved. In particular, instructions concerning the minimum proximity of the observer to the microphone, necessary to
errors arising from reflections, shall be met.

An acoustic check of the measuring equipment using a calibrated noise source is to be made immediately before
and after the measurement sequence.

The in_struments are to be calibrated in accordance with BS 4196 : Part 6.

3. Definitions

For the purpose of this standard, the following definitions-apply.
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3.1 Sound level : C

The reading given by a sound level meter complying with BS 4197.

3.2 Sound power level

- P
The sound power level is equal to 10 log 7 dB where P is the sound power, in watts, and P, is the reference
()
sound power of 10712 W.

3.3 Principal radiating surface

A hypothetical surface surrounding the transformer or cooling equipment which is assumed to be the surface
from which sound is radiated. (The method for determining the principal radiating surface for particular equipment
is given in Sub-clause 5.2.)

3.4 Prescribed contour

A horizontal line, spaced at a definite distance from the principal radiating surface, along which the measurement _
points are located, (The method for determining the prescribed contour for particular equipment is given in Sub- ‘
clause 5.2 :

3.5 Effective surface

A hypothetical surface on which measurements are assumed to have been made and which is used to calculate
the sound power radiated by the equipment.

3.6 Background noise

The noise picked up at the measuring points with the exclusion of that produced by the equipment the sound
level of which is being measured. It includes the noise from all other apparatus necessary for the measurement
process.

4. Conditions for measurement

4.1 Criteria for adequacy of the test environment - .

Ideally, the test environment should be free from reflecting objects other than a reflecting floor so that the
equipment under test radiates into a free field over a reflecting plane.

Test environments that are suitable for measurements according to this standard are those which meet the
qualification procedures of Appendix A.

4.2 Operating conditions of equipment during measurement

For measurements made on the transformer with or without its auxiliary cooling plant, the transformer shall
be on no-load and excited at rated voltage of sinusoidal or practically sinusoidal waveform and rated frequency
with the tap-changer (if any) on the principal tapping. The line-to-line voltage shall be measured with a voltmeter
responsive to the mean value of voltage but scaled to read the r.m.s. value of a sinusoidal wave having the same mean
value.

If the transformer is fitted with reactor-type on-load tap-change equipment and the reactor may, on certain
tap-change positions, be permanently energized, the measurements shall be made with the transformer on a
tapping which involves this condition and as near as possible to the principal tapping. The excitation shall be 7
appropriate to the tapping in use. .

The previous two paragraphs deal with the determination of the sound power level at rated voltage. If the determina-
tion of the sound power level at another voltage is needed, for instance when the category of voltage variation iDg@geIments
flux voltage variation or combined voltage variation, the voltage at which the sound power level ic mesustred, and the
tapping chosen if it is not the principal tapping, shall be included in the record of sound level measurement. .~ —
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. 4.3 Quantities to be measured

Equipment and background noise levels shall be determined as sound levels on the dB(A) weighting. To avoid
measurement errors due to disturbing influences, the fast response indication of the meter shall be used.

5. Measurement methods

5.1 Background noise measurement

Background noise levels shall be measured immediately before and after the measurements on the equipment,

If the background noise level is clearly very much lower than the combined level of the equipment and back-
ground (difference not less than 9 dB(A)), measurements of background noise need be made at only one of the
measuring positions and no correction of the measured sound level of the equipment is necessary. ~

‘ If the background level is such that the difference, in dB(A), between the mean combined level of the equip-
ment plus the background and the mean background alone is less than 9 dB(A) but not less than 3 dB(A), the
corrections shown in Table I shall be applied. In such cases, the background level shall be determined at every
measuring position where the total number of measuring positions is 10 or less and at not less than 10 positions
reasonably evenly distributed round the equipment when the total number of measuring positions exceeds 10.

If the difference is less than 3 dB(A), the test will not be accepted unless the combined level of the background
and transformer or reactor noise is less than the guaranteed value. In such a case, lower values for this difference
will be accepted, but the test report shall record this condition and the determined value as the upper limit of the
sound power level of the equipment. '

The height(s) of the microphone(s) during the background measurements shall be the same as for measurement
of the noise from the equipment and the background measurements shall be taken at points on the prescribed

contour(s).
TABLE I
. Correction factors for the sound level measurements
Difference, in dB(A), dB(A) to be subtracted
between the mean combined level from the mean combined level of the equipment
of the equipment plus the background plus the background
and the mean back_ground alone (Factor Y)

[= -
w
N W

v
-
=]

0.5

Although the difference between the background noise level and that resulting from the combination of the
equipment and background levels may be small, every effort should be made to obtain a difference at least equal

to 7 dB(A), but should it be necessary to apply the correction of 3 dB(A), the corrected level is to be indicated (on the
report) in inverted commas.

. The mean levels (equipment plus background or background alone) shall be taken as the arithmetic average
of all readings obtained on the equipment, unless the difference between the extreme measured values is equal
to or greater than 5 dB(A), when the quadratic mean value shall be used (see Sub-clause 6.1 and Appendix B).
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5.2 Equipment sound level measurement .

The following methods of equipment sound level measurement cover the different types of cooling employed,
depending on whether the radiators are less than or more than 3 m away from the principal radiating surface. They
also permit the sound power level of the complete equipment and the sound level at a distance from the equipment
to be calculated by the methods detailed in Sub-clauses 6.3 and 6.4 respectively.

If in certain cases, for example' for safety reasons, it is necessary to increase the heights of measuring positions or the
separation between these positions and the object to be tested, the actual dimensions shall be stated in the record of the
sound level measurement and the results referred back to the specified dimensions. This is most likely to occur with dry-
type transformers.

i) Transformers having no forced air cooling auxiliaries or with forced air cooling auxiliaries mounted on a
separate structure spaced not less than 3 m away from the principal radiating surface of the main tank

Measurements on the transformer only are to be made in accordance with this sub-clause; those on any forced
air cooling auxiliaries in accordance-with Sub-¢lause.5.2iii) below.

The principal radiating surface is the surface obtained by the vertical projection, from the top of the transformer tank
cover (excluding bushings, turrets and other projections above the tank cover, see Figure 1) to the base of the tank, of
a string contour encircling the apparatus. The principal radiating surface shall include cooling equipment attached to
the tank, tank stiffeners and such auxiliary equipment as cable boxes, tap-changer, etc., and exclude any forced air
cooling auxiliaries. Projections such as bushings, oil pipework, oil conservators, tank underbase, valves and other
secondary elements shall also be excluded. -

The prescfibed contour shall be spaced 0.3 m away from the principal radiating surface as defined above,

For transformers with a tank height less than 2.5 m, the prescribed contour shall be on a horizontal plane
at half the tank height. For transformers with a tank height equal to or greater than 2.5 m, two prescribed
contours shall be used which are on horizontal planes at one-third and two-thirds of the tank height.

Because of the distance between the prescribed contour and the forced air cooling auxiliaries, no account need be
taken of the proximity of such auxiliaries when arranging the measuring positions. Any oil circulating pumps
and forced air cooling equipment shall be out of service during the measurements on the transformer.

The measuring positions shall be at approximately equally spaced intervals not more than 1 m apart with a
minimum number of six (see dimension D of Figure 1),

ii) Transformers having forced air cooling auxiliaries either mounted directly on the tank or on a separate
structure spaced less than 3m away from the principal radiating surface of the main tank (see note at
the end of this item ii).

Two sets of measurements shall be made, both with the transformer energized:
1) with the forced air cooling equipment and any oil circulating pumps out of service; and
2) with the forced air cooling equipment and any oil circulating pumps in service.

The principal radiating surface is the surface obtained by the vertical projection from the top of the transformer
tank cover (excluding bushings, turrets and other projections above the tank cover, see Figure 1) to the base
of the tank, of a string contour encircling the apparatus. The principal radiating surface shall include the forced
air cooling auxiliaries, tank stiffeners and such auxiliary equipment as cable boxes, tap-changer, etc. Projections
such as bushings, oil pipework, oil conservators, tank or cooler underbases, valves, control cubicles and other
secondary elements, shall be excluded.

For the purpose of measurements 1), the prescribed contour shall be spaced 0.3 m away from the principal
radiating surface. For the purpose of measurements 2), the prescribed contour shall be spaced 2 m away ‘
from the principal radiating surface (see dimension X in Figure 2 and Figure 2A).

For transformers with a tank height less than 2.5 m, the prescribed contour shall be on a horizontagalane at

Uments

half the tank height. For transformers with a tank height equal to or greater than 2.5 m, fwo
contours shall be used which are on horizontal planes at one-third and two-thirds of the tark hoight.
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The measuring positions shall be at approximately equally spaced intervals not more than 1 m apart, with a minimum
number of 10 (see dimension D of Figure 2 for transformers having forced air cooling auxiliaries mounted on the tank
and Figure 2A for transformers having these auxiliaries mounted on a separate structure).

Where the transformer is designed and intended for enclosure and the cooler, external to the enclosure, is spaced less
than 3 m away from the transformer, then the procedure given in Sub-clauses 5.2i) and 5.2iii) shall be followed.

iii) Forced air cooling auxiliaries mounted on a separate structure spaced not less than 3 m away from the principal
radiating surface of the transformer

These measurements are in addition to those made on the main equipment. They shall be made with the
transformer unenergized and with all forced air cooling equipment and oil circulating pumps in operation.
The measurements shall be regarded as additional requirements, unless otherwise specified, since it is often not
the practice to erect separate cooling equipment except when temperature-rise tests are being made on the
main equipment.

The principal radiating surface is the surface obtained by the vertical projection from the top of ihe cooler structure
to the base of the active parts (see Figure 3) of a string contour encircling the apparatus but excluding oil
conservators, framework, pipework, valves and other secondary elements.

The prescribed contour shall be spaced 2 m away from the principal radiating surface as defined above.

For cooler structures with an overall height less than 4 m (excluding oil conservators, pipework, etc), the
prescribed contour shall be on a horizontal plane at half the height. For cooler structures with an overall height
(excluding oil conservators, pipework, etc.) equal to or greater than 4 m, two prescribed contours shall be used
which are on horizontal planes at one-third and two-thirds of the height.

The measuring positions shall be at approximately equally spaced intervals not more than 1 m apart, with a
minimum number of 10 (see dimension D of Figure 4).

Using continuously measuring and registering devices, the microphone can also be moved with appropriate speed
continuously on the prescribed contour around the transformer and/or the cooling equipment. The number of
recorded readings shall not be less than the number of measuring positions as previously described.

Note. — To assess the effect of measures taken for sound absorption it may be necessary to determine the sound pressure spectra of the
transformer. ’

6. Calculations and interpretation of results

6.1 Calculation of corrected mean sound level

A mean value L, shall be calculated from the measured values of the A-weighted sound level Ly, by using
the following equation: ’

- 1 o 7
Lyay=101logso N [21 llv 10%! Lpi(A)] —X—-Y-Z (1)
j=

where:

-Lp(A) = quadratic mean sound level A (i.e. A-weighted surface sound level) in decibels—Reference 20 uPa

Lyia= A-weighted sound level from i measurement, in decibels—Reference 20 pPa

N  =total number of measurements

X  =correction for microphone constant

Y  =correction for background level according to Sub-clause 5.1

Z  =environmental correction to account for the influence of reflected sound

If the microphone forms a part of the instrument for measurement of sound level and is calibrated along with it, the
correction term X is equal to zero.

The environmental correction Z typically ranges from 0 dB to more than 10 dB in highly reverberant rooms.

However, for the purpose of this standard, the maximum allowable value of the environmental correction Z
is 7 dB.

The procedures of Appendix A are used to calculate the value of the environmental cor@@ea ments

Note. — When the range of values of Ly, does not exceed 5 dB, a simple arithmetic average ma; uve uscd as gnacceptable @ppseximatipn
to the quadratic mean. This average will not differ by more than 0.7 dB from the value calculated using equation (1),
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